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ABSTRACT 
This paper investigates the nondestructive capability of ultrasonic waves in residual stress evaluation of dissimilar welded pipes. 
Longitudinal critically refracted (LCR) waves are employed to measure the residual stresses in a pipe-pipe joint of stainless steel 
304 and carbon steel A106. Measuring the acoustoelastic constant is usually accomplished through the tensile test which needs 
cutting the tested material to extract tensile test specimens. However, the cutting process on the main tested pipe is not 
considered here to complete ultrasonic measurement nondestructively. Instead, a dissimilar welded plate with the same 
welding specification, joint geometry, thickness and the same dissimilar materials is used to extract tensile test samples. The 
measured acoustoelastic constant of the plate along with the measured time of flight of the LCR wave on the pipe, are utilized 
for ultrasonic stress measurement. A finite element model of welding process validated by hole-drilling method is used to verify 
the ultrasonic results. The results show good agreement between finite element and ultrasonic measurements in the pipe 
measured without any destructive process. 
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1- INTRODUCTION 
Dissimilar metal joints between pipes of ferritic and austenitic steels are extensively utilized in engineering structures such as 
steam generators of power plants. Failure analyses on dissimilar welded joints have shown that the failures usually occur in the 
heat affected zone (HAZ) on the ferritic steel side of such structures [2]. Residual stresses present in the welded joints are an 
important contributing factor of the failures. 
Nondestructive measurement of residual stress is important to optimize the structures’ design and control their mechanical 
strength. One of the promising directions in the development of nondestructive techniques for residual stresses measurement 
is the application of ultrasound [3]. Ultrasonic stress measurement is based on the linear relation between the ultrasonic wave 
velocity and the material stress. This relationship, within the elastic limit, is the acoustoelastic effect which states that time of 
flight related to the ultrasonic wave varies linearly with stress.  The longitudinal critically refracted (LCR) wave is a longitudinal 
ultrasonic wave which can travel parallel the surface. It is shown by Egle and Bray [4] that sensitivity of the LCR waves to the 
strain is highest among the other types of ultrasonic waves. Among the first theoretical studies about LCR waves, that of 
Basatskaya and Ermolov [5] was based on a 2D analytical calculation in the case of harmonic waves. The typical acoustic field of 
LCR wave was illustrated by Langenberg et al. [5] in 1990. They utilized a numerical scheme for the computation of 
elastodynamic wave fields in nearly arbitrary environments, called elastodynamic finite integration technique (EFIT), to predict 
the LCR wave features quantitatively. Since this last date, there is no new research works in the field of combining numerical 
calculation and experimental validation related to the LCR waves. Recently, Chaki et al. [7] have numerically analyzed the LCR 
waves. They employed a time domain finite element (FE) simulation to interpret the experimental signals, whereas simulations 
in frequency domain were carried out to characterize the angular ultrasonic beam in a bulk sample.  
This study also investigates a combination of finite element simulation and the LCR waves for residual stress measurement of a 
dissimilar pipe.  
Despite of rarely numerical investigation related to the LCR method, the applications of these waves for the stress measurement 
are considered in many studies. Bray and Junghans [8] studied the applications of the LCR ultrasonic technique in evaluation of 
post-weld heat treatment in steel plates. They also measured temperature effect on the time of flight in LCR waves. Residual 
stress measurements in steel plates and welds using LCR waves were done by Leon-Salamanca and Bray [9]. They have 
investigated the effect of stress relieving on the ultrasonic waves. Tanala et al [10] determined acoustoelastic constant of 316L 
stainless steel and 5086 aluminum. The LCR measurement was done in immersion mode by Belahcene and Lu [11] to measure 
3 
residual stress of S355 welded steel plate. They used hole-drilling method to verify the ultrasonic results. They also measured 
the penetration depth of LCR by using a gauge block with different depth groove. The results showed that the penetration depth 
of LCR wave was equivalent to one wavelength. Walaszek et al [12] measured the acoustoelastic constant directly in the weld by 
preparing a tensile test sample from the melted zone in the P460 and P265 steel. Lu et al [13] measured welding residual 
stresses in the Q-235 steel and 2219 Al plates. A comparison was also made with the result of finite element method. However, 
they did not experimentally measure the stresses on the weld zone. Palanichamy et al [14] measured the residual stresses in 
austenitic stainless steel weld joints using ultrasonic technique. Before the micro-structural investigation by Qozam et al. [15], 
the residual stresses evaluation in the steel welded plates, by the use of the LCR wave method, was only possible in the melted 
zone (MZ) and in the parent material (PM). While in the HAZ, the residual stresses were incorrectly evaluated due to its small 
width impeding the extraction of the calibration sample. They proposed a specific heat treatment to reproduce the 
microstructure of HAZ in samples extracted from the parent material. By measuring the acoustoelastic constant in these new 
samples (with reproduced microstructure) they could measure the acoustoelastic constant of the HAZ. They concluded that the 
microstructure affects on both the acoustoelastic constant and the free-stress time-of-flight (t0) while the correction of t0 could 
correct the overestimated residual stresses in the HAZ and MZ zones from approximately 70 to 80%. 
An examination of the existing literature reveals a need for the investigation of ultrasonic stress measurement of a dissimilar 
joint. Furthermore, pipe stresses are measured ultrasonically in a limited scale probably because of practical difficulties. In all of 
the previous studies, the main tested structure was machined to extract the tensile test specimens for measuring the 
acoustoelastic constant. In this study, the cutting process on the main tested pipe is not considered to complete ultrasonic 
measurement nondestructively. Instead, a dissimilar welded plate with the same welding specification, joint geometry, 
thickness and the same dissimilar materials is employed. The plate is used to extract tensile test samples and calculate the 
acoustoelastic constant. The calculated constant can be employed to relate the measured time of flight of ultrasonic wave in 
the pipe to the stress, based on the acoustoelasticity relations. In this study, a comparison is made between the values of 
stresses evaluated by the ultrasonic measurements and those obtained from finite element analysis. The results of finite 
element welding simulation are validated by hole-drilling method. 
 
2- THEORETICAL BACKGROUND 
2-1. LCR method 
The LCR method uses a special longitudinal bulk wave mode, as shown in Fig. 1, mainly propagating beneath the surface at a 
certain depth. When a longitudinal wave passes through an interface between two materials, there is an incident angle that 
makes the angle of refraction for the wave equal to 90o. This incident angle (first critical angle) is calculated to be 28° for the 
combination of PMMA (Plexiglas) and steel (as shown in Fig. 1). 
 
Fig. 1 Ultrasonic transducers and PMMA wedge to propagate the LCR Wave in the Steel Pipe 
 
4 
The relationship between the time of flight (TOF) of the longitudinal waves which travel parallel to the load direction and the 
stress is expressed by the following equation: 
)( 0
0
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E
         (1) 
In Eq. (1), σ is the stress, E is the elasticity modulus, t is measured TOF on the investigated material between Receiver1 and 
Receiver2, t0 is TOF in the free stress material between Receiver1 and Receiver2 and L is the dimensionless acoustoelastic 
constant for LCR waves which should be determined through the uniaxial tensile test. 
2-2. Finite Element Welding Simulation 
Welding simulation by Finite Element (FE) has become a popular method for the prediction of welding residual stresses and 
deformations. Earlier studies of welding simulation accounted for the nonlinearities because of temperature dependent 
material properties and plastic deformations [16]. The majority of those studies, due to weakness in the computational 
capabilities of the previous computers, were limited to two-dimensions on the plane perpendicular to the welding direction. 
Good agreements have been observed between the numerical predictions and experimental results [16, 17] which encourage 
using FE welding simulation in residual stress evaluation.  
Numerical simulation of the welding residual stresses needs, to take account of the mechanical behavior of welds, which is 
sensitive to the close coupling among heat transfer, microstructure evolution and thermal stress analysis. The phenomena 
involved in the heat input such as arc, material interactions, as well as, fluid dynamics in the weld pool are not precisely 
described. From the thermo-mechanical point of view, the heat input can be seen as a volumetric or surfaced energy 
distribution, and the fluid flow effect, which leads to homogenize the temperature in the molten area, can be simply taken into 
account by increasing the thermal conductivity over the melting temperature. Heat transfers in solids are described by the heat 
equation as following: 
0)(  QTkdiv
dt
dH

      (2) 
),(. tTqnTk   on  q       (3) 
)(tTT p   on  t        (4) 
In Eq. (2-4), ρ, H, k and T are density, enthalpy, thermal conductivity and temperature respectively. Q represents the internal 
heat source. In Eq. (3), n is the outward normal vector of domain   and q is the heat flux density that can rely on 
temperature and time to model convective heat exchanges on the surface and Tp is a prescribed temperature.  
The heat input is represented by an internal heat source. In this study, the double ellipsoid heat source pattern proposed by 
Goldak et al. [19] is utilized, as shown in Fig. 2. As it is seen, the front half of the heat source is the quadrant of one ellipsoidal 
source, and the rear half is the quadrant of another ellipsoid.  
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Fig. 2 Double ellipsoid heat source configuration used for FE simulation of welding heat source [19] 
 
The Goldak equations for the front and rear heat source are expressed by the Eq. 5 and Eq. 6 respectively: 
)/3()/3()/3(
2/3
22222236
),,( czby
ax
f
f
f eee
bca
Qf
zyxq 



   (5) 
)/3()/3()/3(
2/3
22222236
),,( czby
ax
r
r
r eee
bca
Qf
zyxq 



   (6) 
In Eq. (5-6), x, y and z are the local coordinates of the double ellipsoid model aligned with the welded plate;  ff and fr are 
parameters which give the fraction of the heat deposited in the front and rear parts, respectively. Q is the welding energy which 
is calculated by knowing the welding current and voltage and considering the arc efficiency. The parameter a is one-half the 
width of melted zone; b is depth of the melted zone; cf and cr are the front and behind section dimensions of the heat source 
respectively. The front section dimension of the heat source (cf) is assumed equal to a and the rear section (cr) is equal to 4×a. 
The relations 2/(1+ cr / cf) and 2/(1+ cf / cr) are used to calculate the ff and fr respectively. The moving heat source is modelled 
by a user subroutine in the ANSYS software. 
The mechanical analysis is based on the usual equations of the static equilibrium. As the plastic dissipation is neglected in the 
thermal analysis, thermal and mechanical analysis can be treated separately. The temperature field computed by the thermal 
analysis, is utilized in the mechanical analysis. The materials are supposed to follow an elastic–plastic behavior with isotropic 
hardening. The material parameters such as Young’s modulus, poisson’s ratio, yield stress, strain hardening and heat expansion 
coefficient are temperature dependent. 
Material modeling has always been a serious issue in the simulation of welding because of the scarcity of material data at 
elevated temperatures. Some simplifications and approximations are typically introduced to cope with this problem. The 
simplifications are necessary, not only is there the lack of data, but also there are numerical problems against modeling the 
actual high-temperature behavior of the material [20]. The material properties for stainless steel 304 and carbon steel A106 are 
shown in Fig. 3 and Fig. 4 which are taken from Lindgren [21] and P. Chang [22] respectively. In this figure, α is coefficient of 
linear thermal expansion, c is the specific heat, E is the elastic modulus, k is the thermal conductivity and σy is the yield stress. 
The filler metals are determined with help to Schaeffler Diagram [23].  
 
Fig. 3  Material properties for stainless steel 304 [21] 
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Fig. 4  Material properties for carbon steel A106-B [22] 
 
The problem is formulated as a successively coupled thermal stress analysis. First, a non-linear thermal analysis is performed to 
calculate the temperature history of the entire domain. Then, the results of the thermal analysis are applied as a thermal body 
load in a non-linear mechanical analysis which determines residual stress and distortion. The finite element (FE) models for 
both thermal and structural analysis are the same. The general-purposed FE program ANSYS is used for the analyses. A full 
Newton-Raphson iterative solution technique with direct sparse matrix solver is employed for obtaining a solution. During the 
thermal analysis, the temperature dependent material properties alter rapidly. Thus, the full Newton-Raphson technique by 
using modified material properties is believed to give more precise results. 
A conventional technique named "Element Birth and Death" [24] is utilized for modelling of the deposited weld. A complete FE 
model is generated in the begining of the analysis. However, all elements representing the deposited weld except elements for 
the tack welds are deactivated by assigning them a very low stiffness. During the thermal analysis, all the nodes of deactivated 
elements (excluding those shared with the base metal) are also fixed at room temperature till the birth of the respective 
elements. Deactivated elements are reactivated sequentially when they come under the effect of the welding torch. Linear 
elements are preferred rather than higher-order elements in non-linear problems of this type [25]. Here, eight-noded-brick 
elements with linear shape functions are used in the FE modeling. The basic FE model of pipes is shown in Fig. 5 where pipe 
sides have been meshed similarly. The interface elements are employed to connect fine mesh (used to mesh weld zone and 
near points) to coarse mesh (used to mesh points away from the weld). There are 122616 nodes and 93504 elements in the 
model while about 25920 nodes and elements are positioned in the weld region. 
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Fig. 5 Basic FE model of dissimilar pipe  
 
3- EXPERIMENTAL PROCEDURES 
3-1. Sample Description  
A stainless steel (TP 304) pipe is welded to a carbon steel (A106) pipe whereas their thickness and diameter are equal to 8 mm 
and 220 mm respectively (Fig. 6). The root pass is welded by gas tungsten arc welding (GTAW) process while shielded metal arc 
welding (SMAW) is used to accomplish the other passes according to the Table 1. The geometry of joint is V-groove (90° 
included angle) with 4 mm gap.  
Two dissimilar plates are also welded while the material, thickness, welding specification, gap and groove geometry is same as 
the main tested pipe. The plates are employed in extracting the tensile test samples and measuring the acoustoelastic constant.  
The ultrasonic transducers should pass the weld (as shown in Fig. 6) to scan the tested pipe hence, the weld reinforcement is 
removed by using a 30000 rpm hand grinding machine to facilitate ultrasonic measurements. The rising temperature is 
controlled during the grinding process by using water cooling to prevent generation of thermal stresses. However, the welding 
process of pipe is considered as a flat welding (with minimum height of welding reinforcement) to minimize the material that 
should be removed by grinding. Furthermore, the depth of each layer during the grinding process is kept very thin. Flat weld 
along with fine grinding help to minimize new mechanical stresses generated by grinding machine hence, redistribution of 
stresses due to grinding process is negligible.    
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Fig. 6. Pipe Dimensions and Ultrasonic Wedge 
 
Table 1 Welding specifications of Dissimilar Welded Pipe 
Pass No. 
Welding 
Method 
Welding 
Voltage (V) 
Welding Current 
(A) 
Welding Speed 
(cm/min) 
Filler Material 
1 (root pass) GTAW 9 95 3.5 ER308L 
2 SMAW 27 115 22 E 308L-16 
3 SMAW 27 145 17 E 308L-16 
 
3-2. Measurement Device  
The measurement device, shown in Fig. 7, includes an ultrasonic box, computer and time of flight (TOF) measuring element. 
The ultrasonic box is a 100 MHz (sampling frequency) ultrasonic testing device which has synchronization between the pulser 
signal and the internal clock, which controls the A/D converter. Its post trigger (delay) time has stability within the range of 1 ns 
which is achieved by using an internal clock with frequency of 1 GHz. The high stability of ultrasonic box is claimed by the 
manufacturer however, this stability is measured experimentally and has been confirmed. Furthermore, a MATLAB subroutine 
is employed to increase the resolution to 0.1 ns. TOF measuring element includes three normal transducers assembled on an 
integrated wedge to measure the time of flight. A poly methyl methacrylate (PMMA) material, under the trademark Plexiglas, is 
cut by laser to construct the wedge. However, two types of wedge are needed to measure hoop and axial stress separately (Fig. 
8). Surface curvature of pipe is taken into account in laser cutting of the bottom surface in both of the wedges. A three-probe 
arrangement is utilized, with one sender and two receivers in order to eliminate the effects of environment temperature on the 
travel time. Three normal transducers with the same frequency are used where their nominal frequencies are 2 MHz and the 
diameter of the piezoelectric elements is 6 mm. The measurement devices are utilized to measure TOF on the pipe and these 
data along with the measured acoustoelastic constant of plate will be used to calculate the pipe’s residual stresses based on Eq. 
(1).  
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       Fig. 7 Ultrasonic Measurement Devices (a) and TOF Measuring Element (b) 
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       Fig. 8 Hoop and Axial Wedge Design 
 
3-3. Determination of LCR Penetration Depth 
When the LCR technique is used for an application with limited wall thickness, the depth of the LCR wave penetration is expected 
to be a function of frequency. However, there is no definite relation between LCR depth and frequency. Hence, the LCR depth 
should be measured experimentally. A variable depth groove is cut in a plate with the same material and thickness as those of 
the tested dissimilar materials to produce a barrier to physically prevent the LCR wave from reaching the receiver transducer. It 
is found that a 2 mm depth groove can completely prevent a 2 MHz LCR wave to pass, which indicates that the penetration 
depth of such a LCR wave is 2 mm in both stainless and carbon steel plate.  
3-4. Evaluation of the Acoustoelastic Constants  
To evaluate the acoustoelastic constant (L), the tensile test samples are taken from both sides of the plates. Three rectangular 
tension test specimens are extracted from stainless steel side, carbon steel side and the weld zone separately. The samples are 
stress relieved (heat treated at 450˚ C for 2 hours then cooling in the furnace) and the value t0 is measured directly from the 
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stress-free samples. To evaluate the residual stress according to the Eq. (1), the acoustoelastic constant is then deduced 
experimentally from a uniaxial loading calibration test (see Fig. 9). The measurement devices used to measure t0 and L is the 
same as used during the TOF measuring of the pipe while a flat wedge is employed here. 
 
Fig. 9 Experimental setup to evaluate acoustoelastic constant during tensile test 
 
4- RESULTS AND DISCUSSION  
The results of tensile test are shown in Fig. 10 where the slope of the lines represents L acoustoelastic constants. The elastic 
modulus (E) is measured 196 GPa, 199 GPa and 209 GPa   through tensile test of the stainless steel, weld and carbon steel 
sample respectively. All the measured data are related to the plate and will be used in Eq. (1) to calculate residual stresses of 
the tested pipes. The slope of the lines is equal to 2.15, 2.38 and 2.58 related to the stainless steel, carbon steel and weld 
region respectively (Fig. 10). It means that the acoustoelastic constant of the carbon steel is higher than stainless steel while the 
weld constant is more than the both. 
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Fig. 10 Result of Tensile test to evaluate acoustoelastic constant 
 
In this study, the 3D finite element analysis for welding simulation is employed to predict the welding residual stresses of the 
dissimilar pipe. Fig. 11 show finite element results for axial and hoop residual stresses related to outer surface of the pipe. Axial 
residual stresses of the outer surface are compressive, while the hoop residual stresses are tensile in the weld zone. The 
distribution of residual stress is not symmetric and the maximum of residual stress is observed in the stainless steel side of the 
pipe for all of the results. It is justified by higher yield stress of stainless steel (265 MPa) in comparison with the carbon steel 
side (240 MPa). The hole-drilling test is performed in 3 different points on the outer surface to verify the FE model. The hole-
drilling method gives the average of residual stresses measured along the 2 mm depth hole. Hence, the average results of FE 
residual stresses in 0-2 mm from the surface are compared with those measured by the hole-drilling method while a good 
agreement can be observed.  
 
Fig. 11 Average of FE Results and its comparison with Hole-drilling method related to the a) Axial Residual Stress 
and b) Hoop Residual Stress  
 
The residual stresses are also measured with LCR ultrasonic waves. It should be noted that ultrasonic method measures the 
average of stresses in determined depth. It means that the 2 MHz LCR wave travels within 2 mm beneath the surface and gives 
the average of residual stress in this zone. Therefore, in the FE method, the average of residual stresses for all the nodes 
located in the range of 0-2 mm under the surface are used to compare with those obtained from ultrasonic measurements. 
Furthermore, it also averages the stresses between the two receivers which are placed 30 mm apart (Fig. 8) while moving along 
the axial direction. It means that, when the receivers are placed across the weld zone, it averages the stresses in weld bead 
(melted zone or MZ), heat affected zone (HAZ) and some part of the parent material (PM). Moving step of scanning transducers 
is reduced to 0.5 mm to overcome the averaging problem in this zone. The moving step reduction slightly helps to distinguish 
between TOF influenced by MZ, HAZ and PM region. The averaging is also considered in extracting the residual stresses from FE 
results. However, this problem leads to measuring error in the axial stress results which will be discussed more in Fig. 14.  
The measured TOF of pipe along with the measured acoustoelastic constant of plate are utilized in Eq. (1) to calculate the 
residual stresses by ultrasonic method. The FE results and ultrasonic measurements are compared in the Fig. 12 and Fig. 13. 
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Fig. 12 Comparison of FE and Ultrasonic Results related to the Axial Residual Stress  
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Fig. 13 Comparison of FE and Ultrasonic Results related to the Hoop Residual Stress 
 
The results of ultrasonic measurements demonstrate an acceptable agreement with finite element analysis of the pipe. The 
disagreement between ultrasonic and FE results is altered according to the measured zone while the maximum is in the heat 
affected zone (HAZ). There are two filled squares in Fig. 12 and Fig. 13 which are located in the HAZ. The disagreement between 
FE and ultrasonic results for these points are about 60 MPa and 40 MPa associated with the axial and hoop stresses 
respectively. Since the dimension of HAZ is not enough to extract the tensile test sample, the acoustoelastic constant is not 
measured in this zone.  Therefore, the acoustoelastic constant of the weld zone is used to calculate residual stresses of the HAZ 
which set off higher error in stress measurement. Similar measurement error is also observed by A. Santos et al [26] where the 
paper shows that not using the correct properties of the melted zone causes unexpected stress magnitudes. The disagreement 
between FE and ultrasonic results of the weld zone is about 40 MPa and 30 MPa corresponding to the axial and hoop stresses 
respectively.  
Since the acoustoelastic constant of the weld zone is experimentally measured (number 7 in Fig. 9), it was expected that there 
is not high disagreement between FE and ultrasonic results in the weld. The high measuring error can be justified by difference 
which exists between measured acoustoelastic constant of the plate and non measured acoustoelastic constant of the pipe. 
The welding parameters (welding voltage, welding current, welding speed and joint dimensions) are kept the same during the 
welding process of the plate and pipe. However, the nature and technique of circumferential welding is different from straight 
welding which leads to difference between the acoustoelastic constant of pipe and plate.  
The disagreement for the parent material zone does not exceed than ±25 MPa which is about 10 % of yield strength of the 
tested materials. The maximum of disagreement between FE and ultrasonic results are listed in Table 2 for each three zone. 
Table 2 Maximum disagreement between Ultrasonic and FE results 
 Parent Material HAZ Weld 
Maximum disagreement between 
Ultrasonic with FE results of the Axial 
Residual Stress  
24 MPa 59 MPa 40 MPa 
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Maximum disagreement between 
Ultrasonic with FE results of the 
Hoop Residual Stress  
21 MPa 39 MPa 30 MPa 
 
The difference between FE results and stresses measured by using ultrasonic method are shown in Fig. 14 and Fig. 15 related to 
the axial and hoop stress respectively. The yield strength of materials is used as denominator to calculate the percentage 
differences.  
 
Fig. 14 Percentage difference between FE results and ultrasonic measurement related to the axial stresses 
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Fig. 15 Percentage difference between FE results and ultrasonic measurement related to the hoop stresses 
 
The results presented in Fig. 14 show percentage difference according to the inspected zone (PM, HAZ or MZ) between FE and 
ultrasonic results related to the axial stress. There is a lot of dispersion in the PM results while it does not exceed than ±10 %. 
The percentage results show more difference (13-17 %) in the MZ however, the maximum is observed in the HAZ (about 23 %). 
This high dispersion is also presented in Fig. 15 where the hoop stresses are considered. The maximum of percentage difference 
is 7 %, 12 % and 16 % in the PM, MZ and HAZ respectively. The results show higher dispersion in the axial residual stresses in 
comparison with those obtained from the hoop stresses results because: 
a. The axial wedge scans the pipe perpendicular to the weld line (Fig. 6). It means that the LCR wave propagated by this 
wedge, can sometimes pass from all three region of PM, HAZ and MZ simultaneously. Therefore, distinguishing 
between TOF influenced by which MZ or PM region is more difficult than similar situation related to the hoop 
measurement.  
b. The acoustoelastic constant is measured in samples extracted parallel to the weld which can be used to calculate the 
hoop stresses. Using this acoustoelastic constant can lead to error in axial stress calculations. 
Due to the above reasons, the percentage difference between FE and ultrasonic measurements of axial stresses is 3 percent (in 
the PM) and 7 percent (in the HAZ) more than those related to the hoop stresses. The mentioned reasons can lead to more 
difference in axial and hoop measurement but a practical limitation of hoop ultrasonic measurement has moderated the 
results. The surface deformations and ovality of the pipe influence on the hoop measurement results more than axial 
measurements. The reason is curved shape of the hoop wedge which can meet deformations of the pipe more than relatively 
flat bottom surface of the axial wedge.  
There are also some practical difficulties in ultrasonic stress measurements of dissimilar joints. The velocity of ultrasonic wave is 
different in two sides of the weld which causes difference in the first critical angle. It is needed to construct two wedges with 
different angles to move from one side to another side of dissimilar joint. Creating two wedges with the same exact dimensions 
is practically impossible and could be an important reason for ultrasonic measurement error. Furthermore, the penetration 
depth of LCR wave is affected by the material and can be changed in dissimilar joints. Since the residual stresses are altered 
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through the thickness, it is not possible to achieve a continuous distribution of residual stress with different depth 
measurement of stresses. Fortunately, these problems are not present in case of investigated stainless to carbon steel joint. 
The measured velocity of ultrasonic wave is approximately the same and do not considerably influence on the first critical 
angle. The penetration depth of the LCR wave is also the same for the investigated materials. Therefore, the same wedge is used 
here in ultrasonic measurement of two sides of the pipe. But, it is not recommended to use the ultrasonic stress measurement 
in dissimilar joint of materials with highly different mechanical and ultrasonic properties.    
 
5- CONCLUSIONS 
The main goal of this paper is investigating the nondestructive capability of LCR ultrasonic method in residual stress 
measurement of dissimilar welded pipes. Finite element model, hole-drilling and ultrasonic stress measurements methods are 
employed on two dissimilar welded pipes and plates with the same material, thickness and WPS. The acoustoelastic constant is 
measured on the plate while the pipe is kept intact to be measured in terms of ultrasonic wave TOF. According to the achieved 
results, it can be concluded that: 
1) FE analysis has logically predicted the quality and quantity of the axial and hoop residual stresses of dissimilar 
pipe. Its validity is confirmed with hole-drilling measurements of the outer surface.  
2) The FE results show higher axial and hoop residual stress in the stainless steel side of the pipe which is due to 
its higher yield stress in comparison with the carbon steel. 
3) The acoustoelastic constant of the carbon steel is higher than stainless steel while the acoustoelastic constant of 
weld zone is the highest. 
4) The measured acoustoelastic constant of dissimilar plate with the same specifications of the pipe, can be used 
in pipe stress measurement. However, the measurement error is raised in the weld zone because of inherent 
difference between pipe and plate welding.  
5) Since the LCR method measures the average of the stresses, the average of FE results in 0-2 mm under the 
surface is compared with the ultrasonic measurements. 
6) The FE and ultrasonic results demonstrate acceptable agreement according to the axial and hoop residual 
stresses of the pipe. The best agreement is observed in the parent material while the weld zone has the higher 
disagreement. The maximum disagreement is measured in the HAZ because its acoustoelastic constant is not 
measured. 
7) The welding residual stresses of a dissimilar pipe are evaluated by ultrasonic LCR waves while the pipe is intact 
and the measurement is completely nondestructive. 
8) It is not recommended to use the ultrasonic stress measurement in dissimilar joint of materials with highly 
different mechanical and ultrasonic properties. 
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